Objective To identify risk factors for developing a vertebral refracture after percutaneous vertebroplasty. Method A retrospective analysis of 60 patients who had undergone percutaneous vertebroplasty between January 2008 and April 2010 was conducted. All patients were observed for a 1 year follow-up period, and fracture was defined when it was both clinically reported and radiographically confirmed. Twenty-seven patients with a refractured vertebra and 33 patients without a refracture were included. Of the 60 patients, 20 presented with a refracture from a cemented vertebra, whereas the remaining 40 patients did not. Clinical, imaging and procedurerelated factors for each group were analyzed by the Fisher's exact, chi-square, and the Mann-Whitney U-tests. Results Local kyphotic angle and sagittal index were significant as a result of researching various risk factors related to vertebral refracture (p<0.001, p<0.001, respectively) and refracture from a cemented vertebra itself (p=0.004, p<0.001, respectively). Other factors were not signifi cant. Conclusion Patients who had a high preoperative local kyphotic angle and a high sagittal index required a close follow-up and attention.
INTRODUCTION
The most common cause of a vertebral compression fracture is osteoporosis, which reduces vertebral body bone mass, changes fine bone structure, and ultimately makes it more vulnerable to a compression fracture even by a small external force. 1 Classic conservative treatments for a vertebral compression fracture include bed rest, orthosis use, and drug treatment for osteoporosis and pain. However, despite proper conservative treatment, some patients continue to have severe pain and neurolo gical symptoms that persist, and the vertebral compres sion and kyphotic deformity progresses. As these eventually cause problems in life and lower the quality of life, a more positive treatment is needed. Percutaneous vertebroplasty has recently been used and has provided
www.e-arm.org good results, instead of operative treatments, such as anterior and posterior spinal fusion, which can cause great risk due to general anesthesia. 2, 3 Percutaneous vertebroplasty is widely used, as it is very effective for reducing pain caused by an osteoporotic vertebral compression fracture and is easy and safe to use. 4 It also restores the height of a vertebral body with a fracture; thus, reducing kyphotic deformity of the vertebral column and complications in the respiratory and gastrointestinal systems. 4 Refracture of a vertebra can often occur after percutaneous vertebroplasty, and the rate of refracture of cemented vertebra and other vertebra is 12-52%. [5] [6] [7] [8] The representative risk factor associated with refracture after percutaneous vertebroplasty is osteoporosis; the lower the bone mineral density (BMD) is, the more frequently a refracture develops with greater severity, consequently increasing the need for invasive treatments, such as posterior spinal fusion. 9 Other factors associated with refracture include percutaneous ver tebroplasty and the volume and distribution pattern of cement injected into the fractured vertebra. [10] [11] [12] [13] While some suggest that refractures developing in patients who had undergone percutaneous vertebroplasty should be regarded as a natural progression of osteoporosis, 3 the resulting severe pain, progression of kyphotic deformity, and risk of operative treatment are signifi cant problems for aged patients. However, current treatments mostly focus on the fractured vertebra alone, sometimes discontinuing outpatient follow-up observation postoperatively and, consequently, exposing many patients to the possible risk of developing a refracture. In this context, we retrospectively analyzed risk factors in patients who had suffered from a refracture after undergoing percutaneous vertebroplasty for a compression fracture with the objective of identifying predictive factors for refracture.
MATERIALS AND METHODS

Subjects
Of those patients who were observed for a followup period of 1 year after undergoing percutaneous vertebroplasty for a compression fracture on only one spinal segment between January 1, 2008 and April 30, 2010 at the Spine Center in this hospital, 60 patients who had used thoraco-lumbo-sacral orthosis after undergoing percutaneous vertebroplasty for more than 2 weeks and who took medication for osteoporosis (resedronate 35 mg/week) as prescribed, and for whom proper comparable radiological images were kept, and who had no history of spinal surgery, malignant tumor, or steroid use were tested for vertebral refractures. Percutaneous vertebroplasty was conducted by two neurosurgeons with sufficient clinical experience and the skills designed by Jensen et al.
14 using Simplex P polymethylmethacrylate cement (Stryker, Kalamazoo, USA), which is a mix of barium sulfate powder and tobramycin. Refracture of a vertebra was defi ned as reoccurrence of a symptom suggesting a vertebral fracture in a patient whose symptoms associated with the initial vertebral fracture had improved, who felt tenderness in the vertebral region on a medical examination, and for whom a feature of acute vertebral fracture was identified by nuclear medicine using nuclear isotopes ( 99 mTC MDP) and spinal magnetic resonance imaging (MRI). Of the 60 patients, 27 patients had vertebral refractures: 18 with a refracture of a cemented vertebra, seven with a subsequent fracture of the adjacent vertebra, and two with a refracture of both the cemented vertebra and a subsequent fracture. For comparative analysis of various risk factors contributing to the development of a vertebral refracture after percutaneous vertebroplasty, the 60 patients were classified into the following categories according to the refracture level. First, they were categorized into a group of 27 patients with a vertebral refracture and 33 without such a fracture. Second, they were divided into a group of 20 with a refracture of the cemented vertebra and that of 40 without such a refracture.
Methodology
Age, gender, height, weight, body mass index (BMI), lumbar BMD, visual analogue scale before percutaneous vertebroplasty, and gas contained in the vertebral body were examined. The vertebral regions for percutaneous vertebroplasty were divided into three groups: thoracic vertebra (T4-T9), thoraco-lumbar vertebra (T10-L2), and the lumbar vertebra (L3-L5). The distribution patterns of the cement injected into the vertebra were divided into cleft and trabecular types (Fig. 1) . 15 When cement went over the lamina terminalis of the vertebral body concerned and when it was discovered within an adjacent disk, both were regarded as cement leakage, and
www.e-arm.org cement injection volume was examined. Cobb's angle, the local kyphotic angle, height of the vertebral body, and the sagittal index were measured before vertebroplasty to assess the intensity of kyphotic deformity of the vertebral column following the compression fracture ( 
Statistics
Data were analyzed using the SPSS 12.0 statistical program (SPSS Inc., Chicago, USA). Fisher's exact test was used to compare the groups in terms of gender, cement leakage, and the vertebral region for percutaneous vertebroplasty. The chi-square test was used to compare the groups in terms of cement leakage and gas contained in the vertebral body. The Mann-Whitney U-test was performed to compare the groups in terms of age, height, BMI, lumbar BMD, cement injection volume, visual ana- www.e-arm.org logue scale before percutaneous vertebroplasty, Cobb's angle, local kyphosis angle, height of the vertebral body, and the sagittal index. A p-value<0.05 was considered signifi cant.
RESULTS
The average age of the 60 patients was 70 years, and there were 10 men and 50 women. The vertebra, except the fractured region, had an average BMD of -2.4 g/cm 2 , and the patients had an average BMI of 24.3 kg/m 2 . Fortytwo patients had undergone percutaneous vertebroplasty at the thoraco-lumbar vertebra (T10-L2), 6.0 ml of cement on average was injected for percutaneous vertebroplasty, and a vertebral refracture developed 225.5 days after percutaneous vertebroplasty on average.
Classifi cation by development of a refractured ver tebra
The local kyphotic angles in patients with a vertebral refracture and the 33 without a refracture were 15 Table 1) .
Classifi cation by refracture of a cemented vertebra
Th e local kyphotic angles between the 20 patients with a refractured cemented vertebra and the 40 without a refracture were 15 While vertebroplasty decreases pain at the early stage and allows for rapid patient mobility, it can increase stress on the entire vertebral column, make each segment stiff , and, ultimately, cause a refracture of the cemented vertebra and subsequent fracture of adjacent vertebra. 5 In fact, Lindsay et al., 19 Various studies have presented risk factors for a ver te bral refracture after percutaneous vertebroplasty, including ste roid use, vertebral regions for cement injection, preoperative gas, and changes in the height of the vertebral body and BMD. 2, 6, 13, 14, 21, 22 The volume of gas contained within a vertebral body undergoing a compression fracture makes it possible to estimate the volume of cement to inject during percutaneous vertebroplasty. 2 Regions containing gas within the vertebral body more frequently undergo a fracture than those without gas. 1 However, Lin et al. 21 reported that gas is insignificant as an independent risk factor and found no association between gas and refractures. If gas is discovered within a fractured vertebral body even after vertebroplasty, it is probably because the operator predicted a high possibility for refracture development in the region concerned and injected cement so that no gas would remain. Indeed, few cases have gas remaining after vertebroplasty. Trout et al. 7 examined subsequent fractures in terms of vertebral regions during percutaneous vertebroplasty and reported no significant difference by vertebral region. But, the closer the cemented vertebral body was to the fracture, the higher the incidence and the sooner it developed. That study also compared vertebroplasty regions divided by the biomechanics of vertebral mobility such as thoracic, thoraco-lumbar, and lumbar vertebra, in terms of refracture development, but no significant diff erence was shown. Although vertebral biomechanics, including mobility and weight bearing, are changed by a fracture and repaired through vertebroplasty, it is diffi cult to predict the risk of refracture by dividing vertebral regions on the basis of normal vertebral biomechanics. Such factors as cement leakage, cement distribution patterns, and cement injection volume are known in terms of skills. Lin et al. 12 indicated that cement leakage during percutaneous vertebroplasty increases pressure on the lamina terminalis of adjacent vertebra and more frequently cause a subsequent fracture in adjacent vertebra, whereas this study found no signifi cant diff erence between the vertebral refracture and the cemented vertebral body groups. The differences in the results of the two studies are due to many variables, including patient BMD, cement injection volume, cement leakage volume, and leakage directions. Tanigawa et al. 15 examined cement distribution patterns and cement injection volume and found that a clefttype cement distribution was due to too much injected cement (4.5±1.8 ml), which led to subsequent fractures in adjacent vertebra (3.7±1.6 ml) and argued that the larger the cement injection volume, the stiffer the vertebral body concerned; thus, putting greater stress on adjacent vertebral bodies. In this study, we found that a comparison between groups for its incidence was meaningless as more cement (6.0±2.1 ml) was injected on the average than that in prior studies, and most patients saw an increase in vertebral body stiff ness. Considering the fact that the intensity of kyphosis could be changed by a compression fracture, we not only examined Cobb's angle and the local kyphotic angle but also the sagittal index, which has not been considered in previous studies. The local kyphotic angle is one of the most frequently used factors refl ecting compressive or kyphotic deformity caused by a vertebral fracture and is primarily used to explain the intensity of a fracture. 22 Kim et al. 23 in dicated that a kyphotic deformity could develop easily if the local www.e-arm.org kyphotic angle of a fractured vertebra was not corrected well in a case of kyphosis of the entire vertebral column or corrected with posterior fixation for a fracture of a thoraco-lumbar vertebra. Teng et al. 22 reported that the local kyphotic angle can change to a greater degree than Cobb's angle or height of the vertebral body following percutaneous vertebroplasty. This study found that a compression fracture with a greater local kyphotic angle tended to increase the incidence of vertebral refracture after vertebroplasty (p<0.001, p=0.004); refracture of a cemented vertebra occurs more frequently due to the stiff ness imbalance within the vertebral body concerned, because cement was intensively injected into the anterior vertebra to correct the local kyphotic angle, which had in creased while treating the compression fracture. Additionally, osseous tissues around the anterior vertebral body are restored late and incompletely because of relatively fewer primary periosteal arteries, which are important vertebral body feeding arteries, and are distributed in the anterior vertebral body. 24 Arterial damage more frequently occurs in the anterior region when the vertebral body collapses. 25 Therefore, the vertebral body around a cemented vertebra may undergo a subsequent fracture because it directly receives the stiff ness of the cement without a buff er. Th e sagittal index can be measured conveniently and is commonly used as an index of kyphotic angle correction for patients with a thoraco-lumbar burst fracture who primarily need operative treatment. 16 This is because we can not only determine kyphosis of the vertebral column by re flecting the normal sagittal angle but also predict a postoperative kyphotic deformity. 16 Researchers expected that the sagittal index estimated before percutaneous vertebroplasty would predict progression of a kyphotic deformity and refracture, as a compression fracture also causes kyphotic deformity complications. Our study also indicated significant differences in the sagittal index between the group with vertebral refractures and that without them (p<0.001, p<0.001). In terms of measuring the sagittal index, not only a fractured vertebra but also the disk above it is involved in measuring the kyphotic angle. As disks serve as an intervertebral buffer and function to maintain stability of the vertebral column against external forces from diverse directions, a higher preoperative sagittal index reflecting these features can lead to more serious damage to adjacent soft tissues including disks. Therefore, although vertebroplasty restores the deformed angle of a fractured vertebra, deteriorated adjacent soft tissues are present, including disks, which are less competent in maintaining vertebral column stability, which can result in a refracture. Thus, the sagittal index, which has primarily been used for patients with a burst fracture, can also be applied to those who have undergone percutaneous vertebroplasty and be used as a predictive risk factor for vertebral refracture. We failed to examine the time of menopause because of incomplete gynecological records, which could have affected the rate of osteoporosis. Furthermore, 60 cases is insufficient to draw accurate conclusions. Although two neurosurgeons provided treatment in the same way, it is diffi cult to completely remove technical diff erences between them.
CONCLUSION
We found that the local kyphotic angle and the sagittal index were significant predictive factors among diverse risk factors for vertebral refracture after percutaneous vertebroplasty. Therefore, medical staff should warn patients with a compression fracture and a local kyphotic angle >15 o and a sagittal index >12 o before percutaneous vertebroplasty for a high risk of vertebral refracture after percutaneous vertebroplasty. Close follow-up obser vation is necessary.
